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To evaluate the potential occurrence of right ventricular
infarction, 53 patients with acute inferior transmural
myocardial infarction were studied within 36 hours of
symptoms by right heart catheterization, equilibrium
radionuclide angiography and two-dimensional echo-
cardiography. Technetium-99m pyrophosphate myo-
cardial scintigraphy was performed 3 days after the on-
set of symptoms. The hemodynamic standard for right
ventricular infarction was defined as both a right atrial
pressure of 10 mm Hg or more and a right atrial/pul-
monary artery wedge pressure ratio of 0.8 or more.
Eight (15%) ofthe 53 patients had hemodynamic mea-
surements at rest characteristic of right ventricular in-
farction, and 6 (11%) additional patients met these cri-
teria after volume loading (p < 0.05).
Nineteen (37%) of the 51 patients who had radio-
nuclide angiography had right ventricular dysfunction
manifested by both a reduced right ventricular ejection
fraction «40%) and right ventricular regional wall mo-
tion abnormalities (akinesia or dyskinesia). An abnormal
radionuclide angiogram wasobserved in 12of 13patients
with hemodynamic measurements indicating right ven-
tricular infarction. In 12 patients with an abnormal
radionuclide angiographic study, right ventricular ejec-
The occurrence of right ventricular infarction in patients
with acute inferior transmural myocardial infarction is a
diagnostic and therapeutic challenge. The recognition of
right ventricular infarction is important in order to institute
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tion fraction improved 6 to U weeksafter infarction (27
± 7 to 36 ± 9%, P < 0.01).
Twenty-two (49%) of the 45 patients with adequate
two-dimensional echocardiograms had a right ventric-
ular regional wall motion abnormality. An abnormal
two-dimensional echocardiogram was seen in 9 of 1I
patients with hemodynamic measurements characteris-
tic of right ventricular infarction. Technetium-99m
pyrophosphate scintigraphy was positive for right ven-
tricular infarction in 3 of 12 patients who had hemo-
dynamic measurements indicating right ventricular
infarction.
In conclusion: I) volume loading significantly in-
creases the identification of right ventricular infarction
by hemodynamic criteria in patients with inferior trans-
mural infarction, 2) radionuclide angiographic and two-
dimensional echocardiographic evidence for right ven-
tricular infarction is not always associated with abnor-
mal hemodynamics even after volume loading, and 3)
serial radionuclide studies in patients with inferior in-
farction with right ventricular infarction in the acute
period often show improved right ventricular ejection
fraction in the recovery period.
appropriate therapy in patients who are compromised he-
modynamically and avoid potentially detrimental treatment
in patients without overt clinical signs of right ventricular
infarction. A disproportionate elevation of right atrial pres-
sure compared with pulmonary artery wedge pressure is
considered hemodynamic evidence for right ventricular in-
farction, but it occurs less frequently than autopsy evidence
of right ventricular necrosis (1-8). However, studies (9) in
an animal model of right ventricular infarction suggest that
volume loading may increase the incidence of this charac-
teristic hemodynamic finding.
Noninvasive studies (10-16) utilizing radionuclide an-
giographic and two-dimensional echocardiographic tech-
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Figure 1. End-diastolic (ED) and end-systolic (ES) radionuclide
angiographic images of a normal right ventricle (RV) are illustrated
in the top panels. The bottom panels display an abnormal right
ventricle that meets criteria for right ventricular myocardial in-
farction (RVMI). There is apical dyskinesia at end-systole with an
ejection fraction (EF) of 0.26 in the example of right ventricular
myocardial infarction.
EF
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niques demonstrate right ventricular dysfunction and re-
gional wall motion abnormalities in many patients with acute
inferior transmural myocardial infarction. Using these tech-
niques, it appears that right ventricular dysfunction and
regional wall motion abnormalities occur more frequently
than the hemodynamic features of right ventricular infarc-
tion. Thus, these data suggest that patients with noninvasive
evidence of right ventricular infarction may present with
a spectrum of hemodynamic findings. However, there
has been no systematic and prospective comparison of the
relative accuracy of radionuclide angiography, two-
dimensional echocardiography and technetium-99m pyro-
phosphate myocardial scintigraphy for identifying hemo-
dynamically important right ventricular infarction. Accord-
ingly, we performed a systematic and prospective study of
patients with acute inferior transmural myocardial infarc-
tion: 1) to determine the incidence of right ventricular in-
farction hemodynamics at rest and after volume loading;
and 2) to establish the relative accuracy of radionuclide
angiography, two-dimensional echocardiography and tech-
netium-99m pyrophosphate myocardial scintigraphy in iden-
tifying those patients with hemodynamic measurements con-
sistent with right ventricular infarction
Methods
Patients. The study group consisted of 53 consecutive
patients meeting inclusion criteria and presenting within 36
hours of symptoms who had acute inferior transmural myo-
cardial infarction diagnosed by the presence of all the fol-
lowing criteria: 1) a history of prolonged chest pain con-
sistent with myocardial ischemia; 2) the development of
pathologic Q waves of at least 0.04 second in duration with
a Q/R ratio of at least 1:4 in leads II, III and aVF and
associated ST-T wave changes; and 3) the elevation of serum
total creatine kinase and its MB isoenzyme fraction (17).
Patients with a history of severe chronic obstructive lung
disease, left to right shunt, chronic renal failure, pulmonary
embolus, pericardial disease and overt biventricular heart
failure were excluded from the study. All 53 study patients
were men ranging in age from 38 to 71 years (mean 65).
Ten patients had a history of prior myocardial infarction.
The acute Killip clinical class for the 53 study patients was
as follows: class I = 27 patients, class II = 22 patients,
class III = none and class IV = 4 patients.
Hemodynamics. After written informed consent was
obtained from each patient on a form approved by our in-
stitutional review board, right heart catheterization was per-
formed. Using Statham P23Db transducers leveled at the
midaxillary line, calibrated pressures were recorded from
the right atrium, right ventricle, pulmonary artery and pul-
monary artery wedge position. Cardiac output (CO) was
obtained in triplicate by the thermodilution technique using
a cardiac output computer. Heart rate (HR) and systemic
arterial pressure (cuff sphygmomanometer) were recorded.
From these data, the cardiac index (CI), stroke volume index
(SVI), right ventricular stroke work index (RVSWI) and
left ventricular stroke work index (LVSWI) were calculated
as: CI = CO/BSA (liters/min per rrr'); SVI = CIIHR X
1,000 (mllmin per rrr'); RVSWI = SVI X (MPA-RAP)
X 0.0136 g-m/rrr'; LVSWI = SVI X (MAP- PAWP) X
0.0136 g-m/rrr', where BSA = body surface area (nr'), MPA
= mean pulmonary artery pressure, MAP = mean arterial
pressure, RAP = right atrial pressure and PAWP = pul-
monary artery wedge pressure.
Previous studies (3-5,7) suggest that a right atrial pres-
sure of 10 mm Hg or greater is a necessary criterion for the
diagnosis of right ventricular dysfunction. Lopez-Sendon et
a1. (3) reported on the hemodynamic findings in 22 patients
who had right ventricular infarction documented at necropsy
and found that the right atrial/pulmonary artery wedge pres-
sure ratio approximated 0.86 especially when the pulmonary
artery wedge pressure was greater than 10 mm Hg. In a
study by Cohn et a1. (4), 6 of 78 patients presented in
cardiogenic shock with clear lung fields and right heart
filling pressures (average 20 mm Hg) that were higher than
left heart filling pressures (average 16 mm Hg). The re-
maining 72 patients did not present with this clinical syn-
drome and the right atrial/pulmonary artery wedge pressure
ratio (± standard deviation) in these patients was 0.47 ±
0.17. Therefore, less than 2.5% of patients without signif-
icant right ventricular dysfunction would be expected to
have a ratio of 0.81 or greater. Accordingly, both a right
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Figure 2. End-diastolic (ED) and end-
systolic (ES) two-dimensional echo-
cardiographic subcostal four chamber
images of a normal right ventricle (RV)
are shown in the top panels. The bot-
tom panels show an example of an
abnormal right ventricle that meets cri-
teria for right ventricular myocardial
infarction (RVMI). There is dyskine-
sia of the lateral wall (white arrow)
at end-systole in the example of right
ventricular myocardial infarction.
LA = left atrium; LV = left ventricle;
RA = right atrium.
Normal
RVMI
atrial pressure of 10 mm Hg or greater and a right atrial!
pulmonary artery wedge pressure ratio of 0.8 or greater were
chosen as a reasonable lower limit to identify hemodynam-
ically significant right ventricular damage. This hemody-
namic standard was determined before initiation of this study
and was adhered to throughout its duration. Thirty-one of
the 53 patients had an initial pulmonary artery wedge pres-
sure less than 15 mm Hg. These patients underwent volume
loading with normal saline solution in increments of 200
ml (range 200 to 1,600) until their pulmonary artery wedge
pressure was greater than 15 mm Hg, but did not exceed
20 mm Hg. There were no complications attributed to vol-
ume loading.
Radionuclide angiography. Within 2 hours of the
hemodynamic measurements, 51 of the 53 study patients
had gated equilibrium radionuclide angiography performed
after the intravenous administration of 20 mCi technetium-
99m human serum albumin. Two patients died before non-
invasive studies could beperformed. A portable single crys-
tal gamma scintillation camera equipped with an all purpose
parallel hole collimator was placed in the anterior and left
anterior oblique projection that best separated the right and
left ventricles in the plane of the interventricular septum.
Electrocardiographic-gated radionuclide angiographic im-
ages were obtained in both projections using a physiologic
synchronizer in 64 X 64 byte mode matrix at 40 ms intervals
throughout the cardiac cycle to 250,000 counts/frame. A
dedicated computer cart was used for data acquisition and
processing,
The radionuclide angiographic images were initially re-
viewed in movie format to assess overall qualitative right
ventricular wall motion. The apex, inferior wall, lateral wall
and outflow tract of the right ventricle were evaluated using
the anterior and left anterior oblique projections. The pro-
cessing of right ventricular ejection fraction was performed
according to the technique described by Maddahi et al. (18).
Normal radionuclide and cineangiographic right ventricular
ejection fraction values have been reported to range from
35 to 75% (12,15,18-21). Thus, the wide range of normal
values might decrease the specificity of the right ventricular
ejection fraction alone for the diagnosis of right ventricular
infarction. Therefore, our radionuclide criteria for right ven-
tricular infarction (Fig. 1) were the presence of both a right
ventricular regional wall motion abnormality (akinesia or
dyskinesia) and a right ventricular ejection fraction of less
than 40% which is the lower limit of normal for our labo-
ratory. The processing of the left ventricular ejection frac-
tion was performed using a standard semiautomated variable
edge detection program.
Two-dimensional echocardiography. A Varian V 3400R
phased array ultrasonograph with a 2.25 MHz transducer
providing an 84° minimal sector angle was used to perform
two-dimensional echocardiograms within 2 to 4 hours of
the hemodynamic measurements and radionuclide angio-
grams. Forty-five of the 51 patients with noninvasive studies
had adequate two-dimensional echocardiograms. Images of
the right and left ventricles were obtained in the parasternal
long-axis, short-axis, apical four chamber and subcostal
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Figure 3. Unprocessed example of technetium-99m
pyrophosphate myocardial scintigram is illustrated
in the 450 left anterior oblique (LAO) projection.
Arrows point to uptake in the right ventricle (RV),
septum (S) and left ventricle (LV). Diagramto the
right illustrates anatomic landmarks.
views. A qualitative assessment of right ventricular wall
motion was performed using multiple views, evaluating the
right ventricular apex, lateral and inferior walls and outflow
tract. Our criterion for right ventricular infarction was the
presence of a right ventricular regional wall motion abnor-
mality manifested as either akinesia or dyskinesia confirmed
in multiple views (Fig. 2).
Technetium pyrophosphate myocardial scintigraphy.
Using a high resolution parallel hole collimator interfaced
with the same scintillation camera that was used to obtain
the early radionuclide angiographic study, myocardial scin-
tigraphy was performed 3 to 4 days after the onset of symp-
toms in 46 of the 53 study patients. Immediate and 3 to 4
hour delay images were obtained after an injection of 15
mCi of technetium-99m pyrophosphate in the anterior, 450
left anterior oblique and left lateral projections. For each
image, 500,000 counts/frame were accumulated in 64 X
64 word mode matrix and stored for later analysis. Tran-
sparencies of the raw scintigraphic images were obtained.
The intensity of technetium-99m pyrophosphate uptake in
the myocardium was analyzed and graded from °to 4 +
using the method described by Parkey et al. (22). Right
ventricular infarction was determined by the visual uptake
of technetium-99m pyrophosphate of at least 2+ intensity
anterior to the interventricular septum in the left anterior
oblique image (Fig. 3), as described by Wackers et al. (23).
Statistics. The noninvasive studies were read by one of
the investigators who did not know the hemodynamic data.
Continuous data are presented as the mean ± 1 standard
deviation. A paired Student's t test was performed to identify
differences between initial and final hemodynamic values
within each patient group. A nonpaired Student's t test was
performed to establish differences in hemodynamic values
between patient groups. McNemar's test was used to de-
termine whether a significant increase in patients with hemo-
dynamic measurements characteristic of right ventricular
infarction occurred after volume loading. Cohen's kappa
test was used to assess, beyond chance occurrence, agree-
Table 1. Initial Hemodynamic Measurements in the 53 Study Patients
Pressures (mm Hg) Ratio
Study Group
Group I (n = 8)
Group 2 (n = 45)
P Value
Group I (n = 8)
Group 2 (n = 45)
P Value
RAP PAWP PAS MAP
14±4 14 ± 4 26 ± 9 93 ± II
7±4 13 ± 6 29 ± II 96 ± 14
<0.001 NS NS NS
Cardiac Indexes
CI SVI RVSWI
(liters/min per rrr') (mllmin per rrr') (g-m/nr')
1.8 ± 0.3 25 ± 6 1.7 ± 0.6
2.6 ± 0.6 34 ± 10 6.5 ± 2.3
<0.001 <0.02 <0.001
RAP/PAWP
0.98 ± 0.Q3
0.46 ± 0.25
<0.001
28 ± 7
41 ± 13
<0.01
Data are reported as mean ± standard deviation. CI = cardiac index; LVSWI = left ventricular stroke work index; MAP = mean arterial pressure;
PAS = pulmonary artery systolic pressure; PAWP = pulmonary artery wedge pressure; RAP = right atrial pressure; RVSWI = right ventricular stroke
work index; SVI = stroke volume index.
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Table 2. Hemodynamic Measurements Before and After Volume Loading in 27 Patients of Group 2 Given a Volume Infusion
Study Group RAP j RAPr
Pressures (mm Hg)
PAWP j PAWPr RAP/PAWP j
Ratio
RAP/PAWP r
Group 2A
(n = 6)
Group 28
(n = 21)
P Value
6 :t 2
4 :t 2
< 0.01
14 :t 2*
7 :t 3
< 0.00 1
10 :t 3
8 ± 3
NS
16 ± 2*
15 ± 2*
NS
Cardiac Indexes
0.66 :t 0 .28
0.44 :t 0 .25
< 0.05
0.87 :t 0.11
0.44 ± 0.18
< 0.00 1
(liters/min per m2) (mllmin per nr')
Group 2A 2.9 ± 0.7 2.9 ± 0.7 38 ± 6 38 ± 4
(n = 6)
Group 28 2.7 ± 0.7 3.0 ± o.n 38 ± 10 40 ± 8
(n = 21)
P Value NS NS NS NS
ct, cr, svi, RVSWl j RVSWl r LVSWl j LVSWIr
(gm/rrr') (g-m/m/)
6 ± 4 5 ± I 48 :t 9 49 ± 8
6 ± 2 8 ± 2* 45 ± 13 48 ± 12
NS < 0.005 NS NS
p value compares values between Groups 2A and 28 for each column . *p < 0.001 indicates differences in values; tp < 0.01 before and after volume
loading within each group. Data are reported as mean ± standard deviation . f = final (after volume loading); i = initial (before volume loading); other
abbreviations as in Table I .
ment between the noninvasive studies and hemodynamic
data. A chi-square analysis was used to determine whether
a significant difference in acute mortality occurred between
groups of patients. A probability (p) value less than 0.05
was considered significant. Sensitivity , specificity and pos-
itive predictive value were calculated in the standard fashion
(24).
Results
Initial hemodynamics (Table 1). Patients were divided
into two groups based on their initial hemodynamic data:
Group I (n = 8) had hemodynamics at rest consistent with
right ventricular infarction and Group 2 (n = 45) did not
have right ventricular infarction hemodynamics . As one would
expect from the selection criteria, the average right atrial
pressure and right atrial/pulmonary artery wedge pressure
ratio were significantly higher in Group I than in Group 2
patients . However, the mean pulmonary artery wedge pres-
sure, pulmonary artery systolic pressure and mean arterial
pressure did not differ significantly between the two groups .
All of the mean cardiac indexes were significantly lower in
Group I than in Group 2 patients. Six of the eight patients
had the characteristic noncompliant right atrial pressure
waveform described by Lopez-Sendon et al. (3) .
Hemodynamics after volume loading (Table 2).
Twenty-seven of the 45 Group 2 patients had a pulmonary
artery wedge pressure less than 15 mm Hg and received
volume loading. Six of these patients (Group 2A) developed
hemodynamic values consistent with right ventricular in-
farction after volume loading, and 21 patients (Group 2B)
did not meet right ventricular infarction criteria after volume
was administered. This represented a significant increase in
the identification of patients with hemodynamic values char-
acteristic of right ventricular infarction compared with initial
hemodynamic values alone (15 versus 26%, p < 0.05).
Three of the six patients in Group 2A demonstrated the
noncompliant right atrial pressure waveform, one at rest and
two after a volume load. This pattern was absent in all
patients who did not manifest hemodynamic criteria for right
ventricular infarction.
As expected, the initial mean right atrial pressure was
slightly higher in Group 2A patients than in Group 2B pa-
tients (6 ± 2 versus 4 ± 2 mm Hg, p < 0.01). With
Figure 4. Acute right ventricular eject ion fraction (RVEF) deter-
minations by radionuclide angiography (RNA) compared in Group
2A and Group 2B patients .
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Figure 5. Two by two contingency tables illustrate the concord-
ance between thehemodynamic criteria (positive [+] and negative
[- ] for right ventricular infarction) and the radionuclide angio-
graphic (RNA) (panel A), two-dimensional echocardiographic (2DE)
(panelB) and technetium-99m pyrophosphate (PYP) scintigraphic
(panel C) evidence ( + and -) for right ventricular infarction .
volume loading, the right atrial pressure increased signifi-
cantly in Group 2A patients (14 ± 2 mm Hg, p < 0.001),
but there was no significant change in Group 2B patients
(7 ± 3 mm Hg, p = NS). The initial right atrial/pulmonary
artery wedge pressure ratio was also higher in Group 2A
patients than in Group 2B patients (0.66 ± 0.28 versus
0.44 ± 0.25 , P < 0.05) and after volume loading, Groups
2A and 2B became more clearly separated (0.87 ± 0.11
versus 0.44 ± 0.18, respectively, p < 0.00l) . The initial
average pulmonary artery wedge pressure values in patients
in Groups 2A and 2B were not significantly different (10
± 3 versus 8 ± 3 mm Hg), but these values increased
significantly in each group with volume loading to 16 ± 2
and 15 ± 2 mm Hg, respectively. There was no change in
the mean cardiac index in Group 2A patients with volume
loading. However, a significant increase occurred in the
cardiac index and right ventricular stroke work index in
Group 28 patients (2.7 ± 0.7 to 3.0 ± 0.7 liters/min per
rn", p < 0.01; 6 ± 2 to 8 ± 2 g-m/m", p < 0.001 , re-
spectively). In addition, after volume administration, the
right ventricular stroke work index was significantly higher
in Group 2B than in Group 2A (p < 0.005).
Gated equilibrium radionuclide angiography. The 51
patients with radionuclide angiographic studies in the acute
phase of their infarction were classified into two groups:
Group A (n = 19) had both a right ventricular ejection
fraction of less than 40% and regional wall motion abnor-
malities and Group B (n = 32) did not meet both criteria
for right ventricular infarction. The mean right ventricular
ejection fraction was 27 ± 6% in Group A patients com-
pared with 49 ± 5% in Group B patients (Fig. 4). Five
patients in Group B had a right ventricular ejection fraction
of less than 40% without evidence of right ventricular re-
gional wall motion abnormalities. The agreement between
the radionuclide angiographic data and our hemodynamic
standard for right ventricular infarction initiallyor after vol-
ume loading significantly exceeded chance occurrence (k
= 0.69, P < 0.001) (Fig. 5, panel A). The sensitivity,
specificity and positive predictive values for the identifi-
cation of right ventricular infarction hemodynamics by
radionuclide angiography were92,82 and 63%, respectively.
Two-dimensional echocardiography. Twenty-two
(49%) of the 45 patients with adequate two-dimensional
echocardiograms had evidence of either akinesia or dyski-
nesia in one or more of the right ventricular segments. The
agreement between the two-dimensional echocardiographic
data and our hemodynamic standard for right ventricular
infarction initially or after volume administration did not
exceed chance occurrence (k = 0.39 , P = NS) (Fig. 5,
panelB). Two-dimensional echocardiography yielded a sen-
sitivity, specificity and positive predictive value of 82, 62
and 41%, respectively.
Technetium-99m pyrophosphate myocardial scintig-
raphy. Forty-six of the 53 patients had technetium-99m
pyrophosphate myocardial scintigrams within 3 to 4 days
of symptoms. Four patients died before the study could be
performed and three were not studied for technical reasons.
None of these three patients had hemodynamic measure-
ments characteristic of right ventricular infarction either at
rest or after volume loading. The agreement between the
technetium scintigraphic data and our hemodynamic stan-
dard for right ventricular infarction did not exceed chance
occurrence (k = 0.27, p = NS) (Fig. 5). The sensitivity,
specifi city and positive predictive values of this test were
25, 94 and 60%, respectively.
Mortality. Eight patients (Group 1) had hemodynamic
values at rest characteristic of right ventricular infarction
(Table 1). Two of these eight patients died within 72 hours
of admission. Necropsy examination showed posterior left
ventricularwalldamageand extensiveright ventriculardam-
age that corresponded to type IV right ventricular necrosis
as describedby Isner and Roberts(1). Two of the 45 patients
in Group 2 died in the acute period. These patients had
neitherhemodynamic nor noninvasiveevidenceof right ven-
tricular infarction. A necropsy examination on one of these
patients showed no right ventricular necrosis; however, the
left ventricle had extensive necrosis involving the posterior
lACC Vol. 4, No.5
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Figure 6. Acute and follow-up (FlU) right ven-
tricular ejection fraction (RVEF) determinations are
shown in 12 Group A (Group 1) and 21 Group 8
(Group 2) patients.
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and lateral walls, including hyperemia of the anterior wall.
Although the numbers in Group 1 are small, the patients
with hemodynamic values at rest indicating right ventricular
infarction had a higher mortality rate than the remaining 45
patients (p < 0.05).
Follow-up radionuclide angiography. Thirty-three pa-
tients had follow-up radionuclide angiographic studies 6 to
12 weeks after myocardial infarction . Twelve patients who
had initial radionuclide angiographic criteria for right ven-
tricular infarction showed improvement in mean right ven-
tricular ejection fraction (27 ± 7 to 36 ± 9%, p < 0.01)
and wall motion from the initial to the follow-up study. At
follow-up, only one patient had both a reduced right ven-
tricular ejection fraction and wall motion abnormalities that
met our radionuclide angiographic criteria for right ventric-
ular infarction. Twenty-one patients who initially had nor-
mal right ventricular function by radionuclide angiography
showed no significant change in mean right ventricular ejec-
tion fraction at the follow-up study (Fig , 6).
Discussion
Autopsy studies. Autopsy studies (1- 3) have shown that
right ventricular infarction is common in acute inferior trans-
mural myocardial infarction . Isner and Roberts (1) examined
236 necropsy heart specimens with a recent myocardial in-
farction and observed that infarction of the right ventricle
occurred exclusively in those hearts with posterior left ven-
tricular infarction (33 [24%] of 139 specimens), Ratliff and
Hackel (2) found a 34% incidence of right ventricular ne-
crosis in 102 consecutive autopsy heart specimens from
patients who died of cardiogenic shock from an acute myo-
cardial infarction (2). Again , right ventricular infarction
occurred solely in those heart specimens with a posterior
left ventricular infarction . Lopez-Sendon et al. (3) studied
60 hearts from patients with acute myocardial infarction and
found acute necrosis of both the right and left ventricles and
interventricular septum in 22 of the 60 hearts. Although
these postmortem studies were performed in a select group
of patients , they suggest that right ventricular necrosis ac-
companies fatal posterior left ventricular infarction in at least
24 to 34% of the cases .
Hemodynamic studies. Cohn et al. (4) observed an el-
evated right atrial pressure in excess of the pulmonary artery
wedge pressure in 6 (8%) of 78 patients with acute myo-
cardial infarction who underwent hemodynamic monitoring
as part of their clinical management (4). All six of these
patients were in cardiogenic shock . In a retrospective anal-
ysis of coronary care unit admissions, Lorell et al. (8) de-
scribed 12 (4%) of 306 patients with inferior myocardial
infarction who also had disproportionately elevated right
compared with left heart filling pressures. The results of
these two studies and the previously mentioned autopsy
series (1-3) suggest that anatomic evidence of right ven-
tricular infarction is several times more frequent than the
expected hemodynamic pattern .
In our study, 8 (15%) of the 53 patients had rest hemo-
dynamic values consistent with right ventricular infarction .
Volume loading increased the yield of right ventricular myo-
cardial infarction hemodynamics , but this maneuver did not
improve cardiac indexes in these patients (Group 2A), im-
plying a flat ventricular function curve. These results were
interpreted as true indicators of right ventricular dysfunc -
tion, since the left ventricular ejection fraction was greater
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than 45% in all Group I and 2A patient s and the mean right
ventricular ejection fraction did not differ between these two
groups of patients (24 ± 8 versus 28 ± 6%, respectively) .
Noninvasive studies. Wackers et al. (23) reported that
38% of 78 consecutive patients with inferior myocardial
infarction demonstrated right ventricular infarction with
technetium-99m pyrophosphate imaging . Equilibrium
radionuclide angiographic studies by Rigo et al. (10) and
Sharpe et al. (II) , although containing small numbers of
patients , showed a greater right ventricularlleft ventricular
area ratio in 35 to 40% of patients with acute inferior myo-
cardial infarction compared with patients with acute anterior
myocardial infarction. First transit radionuclide angio-
graphic studies (12,13) reported a similar incidence of a
reduced right ventricular ejection fraction in patients with
acute inferior myocardial infarction. Hemodynamic corre-
lations in these studies ranged from completely normal to
markedly elevated right heart filling pressures with cardi-
ogenic shock. Lopez-Sendon et al. (16) studied 63 consec-
utive patients with inferior myocardial infarction by two-
dimensional echocardiography before and after volume
loading . There was a correlation between the presence of
right ventricular asynergy and hemodynamic values con-
sistent with right ventricular infarction; however, it was also
noted that right ventricular dysfunction was present when
right heart pressures were within normal limits. Thus, non-
invasive studies may be highly sensitive but not specific for
hemodynamically important right ventricular infarction.
In our study. radionuclide angiography and two-dimen-
sional echocardiography identified patients manifesting
hemodynamic criteria for right ventricular infarction. Both
studie s demonstrated right ventricular dysfunction in pa-
tients who had normal right heart filling pressures; however,
two-dimensional echocardiographic findings were abnormal
in a significant number of patients classified as normal by
radionuclide angiography and hemodynamic measurements.
This increased incidence of right ventricular dysfunction by
two-dimensional echocardiography compared with radio-
nuclide angiography may represent a greater sensitivity of
a multiple view two-dimensional echocardiogram for de-
tecting right ventricular regional wall motion abnormalities
that are not associated with hemodynamically significant
right ventricular infarction even after volume loading. Fi-
nally, technetium pyrophosphate scintigraphy, although highly
specific, was not very sensitive in detecting patients with
right ventricular infarction, even when it was hemodynam-
ically important. Therefore, compared with two-dimen-
sional echocardiography and technetium-99m pyrophos-
phate scintigraphy , equilibrium radionuclide angiography
provided a significantly better combination of sensitivity and
specificity for detecting or excluding hemodynamically im-
portant right ventricular infarction.
Follow-up. Right ventricular systolic function has been
systematically evaluated in the recovery period after in-
farction in previous studie s. Steele et al. (25) reported that
right ventricular ejection fract ion returned to normal from
an initially depressed value within 3 days of an acute inferior
myocardial infarction in 10 of II patients. Klein et al. (26)
reported the follow-up radionuclide angiographic results in
37 of 54 patients who initially had evidence of decreased
right ventricular ejection fraction and wall motion abnor-
malities. At 2 months after the acute infarction , the mean
right ventricular ejection fraction had improved from 21 ±
8 to 43 ± 9%. However, Reduto et al. (13) did not find a
significant increase in serial right ventricular ejection frac-
tion calculations in the 2 weeks after right ventricular
infarction.
In our study, 12 patients demonstrated a significant im-
provement in mean right ventricular ejection fraction and
regional wall motion in the follow-up study compared with
the acute study. Seven of these 12 patients had acute right
ventricular infarction hemodynamics; 4 patients met our
hemodynamic criteria at rest, wherea s the remaining 3 pa-
tients manifested the characteristic hemodynamics after vol-
ume loading .
Conclusion. Acute inferior transmural myocardial in-
farction produces a spectrum of systolic and diastolic right
ventricular dysfunction that has a remarkable tendency to
improve in the recovery period . Although volume loading
significantly increased the identification of patients with right
ventricular infarction hemodynamics, it did not improve
cardiac indexes or alter the course of subsequent therapy .
Therefore, we do not advocate routine volume loading in
all patients with inferior infarction since those patients who
developed right ventricular infarct ion hemodynamics after
volume loading had a benign course. However, those pa-
tients who presented with hemodynamics at rest character-
istic of right ventricular infarction appeared to have a greater
mortality rate in the ensuing 24 to 72 hours. Thus, it is
important to identify these patients so that appropriate ther-
apy can be instituted. In lieu of invasive hemodynamic
intervention. radionuclide angiography provides the most
accurate noninvasive method for identifying patients with
potentially important right ventricular infarction.
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